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abstract 


This report documents the first part of a three-part study 
whose overall objective is an initial assessment of the 
accuracy of the SEASAT-A SMMR Antenna Pattern Correction 
(APC) algorithm. Interim APC brightness temperature meas- 
urements for the SMMR 6.6 GHz channels are compared with 
surface truth derived sea surface temperatures. Plots and 
associated statistics are presented for SEASAT-A SMMR data 
acquired for the Gulf of Alaska experiment (GOASEX) . The 
most important conclusion of the study concerns apparent 
cross-track gradients observed in the 6.6 GHz brightness 
temperature data. 
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1.0 


SUMMARY 


This report documents the first part of a three-part study whose 
overall objective Is an initial assessment of the accuracy of the SMMR 
Antenna Pattern Correction Algorithm. Interim APC brightness tempera- 
ture measurements for the SMMR 6.6 GHz vertical and horizontal polari- 
zation channels are compared to surface truth derived sea surface 
temperatures. Plots of brightness temperature versus sea surface 
temperature and associated statistics are presented for various com- 
binations of the SEASAT-A passes acquired for the Gulf of Alaska exper- 
iment (GOASEX). For the purpose cf establishing a reference curve, the 
study makes use of a model developed for an integrated water vapor 
content of 2.4 grams/cm , a wind speed between zero and seven meters/ 
sec, and cloud-free conditions. 

The most Ir^ortant conclusions of the study are: 

(1) There appear to exist opposing cross-track gradients in the 

horizontal 6.6 GHz brightness temperatures output 
by the interim APC algorithm. 

both vertical and horizontal brightness temperature data, 
the observed bias with respect to the model-predicted reference 
curve is least for cell 4 data, and progressively Increases in 
magnitude from cell 4 to cell 1. 

(3) If the observed biases are removed from the measured brightness 
temperature data, the resulting values agree quite well with 
model-predicted values (1.5°K for V and 2.6°K for H) . 

2.0 INTRODUCTION 

Pjo.bl.em Statement. The SEASAT-A Scanning Multichannel Microwave 
Radiometer (SMMR) is designed to make measurements of thermal micro- 
wave emission from the Earth for the primary purpose of determining 
sea surface temperatures, wind speed, and atmospheric water vapor and 
liquid water parameters. Tie antenna temperatures measured by the 
SMMR contain known antenna pattern effects which must be removed 
before these measurements can be used to derive geophysical parameters. 
The Antenna Pattern Correction (APC) Algorithm has been designed bv 
E. G. Njoku and coded by R. E. Cofield to remove these effects. In 
brief summary, the APC algorithm accepts as input SMMR antenna tem- 
perature (T^) measurements and produces corrected brightness tempera- 
tures (Tb) as its output. These output brightness temperatures are 
then used as inputs to the geophysical parameter algorithms. The 
problem to be addressed here is the evaluation of the accuracy of the 
APC brightness temperature outputs. 

This report documents the first part of a three^-part study whose over- 
all objective is an initial assessment of the accuracy of the APC 
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algorithm. As the SMMR algorithms mature, and as a larger data set 
becomes available. It Is expected that further studies will refine the 
results presented here. The three parts of this Initial assessment 
are: 

A. 6.6 GHz Tg vs. Tgurface truth Comparison 

Tb measurements for Che SMMR 6.6 GHz channels are compared to 
surface truth derived sea surface temperatures. The two 6.6 GHz 
channels are used because they are most sensitive to sea surface 
temperature (SST) but least sensitive to atmospheric effects. 

SST measurements are more numerous and more accurate than other 
types of surface truth measurements. Thus, the comparison of 
6.6 GHz Tb with SST under clear atmospheric conditions provides 
a large, high-quality data set from which to assess the accuracy 
of the APC algorithm. 

B. Tb Measured vs. Tb Calculated Comparison 

Tb measurejjents for all ten SMMR channels are compared with Tg 
values calculated from geophysical models using surface truth 
data. Although this task is restricted to a smaller surface 
truth data set than task A, it assesses the accuracy of all ten 
SMMR channels rather chan only two of them. In addition, this 
t^’.sk is less dependent on using clear atmospheric conditions 
since the models take atmospheric variations into account. 

C. Ta vs. Tb Comparison 

Ta measurements for all ten SMMR channels are compared with the 
corresponding Tg outputs. This comparison allows a determination 
of whether the APC algorithm adequately removes chose instrument 
effects known to be present in the Ta data. 

The results obtained for task A are the subject of this document. 

2.2 Brief Description of the APC Algorithm . At this time, the APC algo- 

rithm has not yet reached its final form. Section 2.2.1 describes the 
full set of capabilities to be implemented in the final APC algorithm. 
Section 2.2.2 outlines the subset presently implemented in the interim 
version of the APC. The results of this study are based only on out- 
put obtained from the Interim APC. It is expected that a later study 
will perform a similar evaluation of the final APC. 

2.2.1 Final APC Description . The Input Ta data to the APC algorithm consists 
of measurements of microwave emission at ten different channels. Each 
channel is characterized by one of five frequencies (6.6, 10.69, 18, 

21, and 37 GHz) and one of two polarizations (vertical and horizontal). 

The Ta measurements are sampled at regular time intervals along the 
SMMR scan, which results however in an irregular spaci ig of points on 
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the Eai'th's surface. The AFC algorithm outputs Tg data In the form 
of square arrays of data cells which are uniformly distributed within 
the SMMR swath. There are four different array sizes which are 
referred to as Grids 1, 2, 3, and 4. The ten channels are output on 
the four grids as shown In Table 1. 

The final AFC algorithm performs the following operations: 

(a) Read SMMR T^^ data. 

(b) Average Ta data Into grid cells. 

(c) Correct T^ cells for Faraday rotation. 

(d) Correct T^ cells for non-nominal incidence angles. 

(e) Correct Ta cells for cross-polarization an enna pattern effects. 

(f) Correct Ta cells for polarization rotation effects due to scan 

motion. 


(g) Correct Ta cells for sldelobe contributions from within the SMMR 
swath, from outside the SMMR swath but on the Earth's surface, 
and from space. 

(h) Output SMMR Tg data and associated quality flags. 

2.2 Interim AFC Description . The interim version of the AFC algorithm per- 
forms the following subset of the final AFC operations: 

(a) Read SMMR Ta data. 

(b) Average Ta dana into grid cells. 

(c) Correct T^^ cells for cross-polarization antenna pattern effects. 

(d) Correct Ta cells for polarization rotation effe'*t s due to scan 

motion. 

(e) Correct T^ cells for sldelobe contributions from space. 

(f) Output SMMR Tg data. 

Note that the interim AFC does not Include corrections for Faraday 
rotation, Incidence angles, or Earth sldelobe contributions, nor does 
It calculate data quality flags. 

3 General Evaluation Approach . Although this study makes maximum use of 

available resources’, any attempt to evaluate the APC at this time is 
subject to the following constraints: 

(a) The final version of the APC is still under development, and so 
only the interim version may be used. 
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(b) The only large body of SMMR data which has been processed thus 
far through the SMMR interim APC consists of fifteen passes 
through the northeast Pacific (Dcean obtained during the Gulf of 
Alaska SEASAT Experiment (GOASEX) in Sept. 1978. 

(c) Turnaround time for obtaining additional data is on the order 
of several weeks. 

In line with the above constraints, the general approach followed in 
this study is outlined below: 

(1) Although the final APC is not complete, make use of the 6.6 GHz 
grid 1 data from the interim APC. 

(2) Make maximum use of the immediately available GOASEX data 
although it is not the best data set for this type of evaluation. 

(3) Request additional data, to be used if time permits. 

(4) Digitize the National Marine Fisheries Service (NMFS) map of 
average Sea Surface Temperatures (SST) for the month of 
September 1978 so that it can be used as a source of surface 
truth measurements. 

(5) Make use of JPL subroutine libraries to produce computer- 
generated plots of SMMR Tg versus SST and to produce associated 
statistical information. 

(6) Generate separate plots and statistics for each column of the 
6.6 GHz Tg grids in order to identify any effects which may vary 
across the SMMR swath. 

(7) Use a radiative transfer model relating SMMR Tg to SST as a 
reference curve against which to compare the actual data points. 

(8) Perform supplementary studies if a need arises and time permits. 

The above approach is designed to provide an adequate and flexible 
framework from which to assess the accuracy of the APC algorithm in 
producing 6.6 GHz Tg data values. 

3.0 TECHNICAL DISCUSSION 

3.1 Reference Model . Radiative transfer and the physics of the ocean sur- 
face and atmosphere allow Tg to be modeled as a function of sea surface 
temperature, wind speed, and integrated atmospheric water vapor con- 
tent, assuming that cloud-free conditions prevail. The primary vari- 
able of these models is sea surface temperature. Wind speed and water 
vapor content serve to shift the basic model curve towards higher or 
lower Tg values but do no appreciably affect its overall shape. 
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For a standard atmosphere and several different values of Integrated 
water vapor content. , R. Hofer has produced from basic geophysical 
models (which assumo. cloud-free conditions) a set of polynomial 
coefficients which express Tg as a second-order function of sea sur- 
face_ temperature with an additional linear dependence on wind speed. 
Each of these functions is of the form 

- “0 * 


where 


T ■ sea surface temperature (°K) 
s 

V ■ max [wind speed (meters/sec), 7] 


The value of v used in the above equation is either the actual wind 
speed or a constant 7 meters/second since the observed Tg is independ- 
ent of this parameter for wind speeds below 7 meters/ second. 

For the purpose of estab.iishing a reference against which to compare 
the plotted 6.6 GHz Tg - i'ST pairs, this study uses the model poly- 
nomials developed for an iitegrated water vapor content of 2.4 grams/ 
cm2, a wind speed between zero and seven m/sec, and cloud-free condi- 
tions. These polynomials are given in Figure 1. 

2 

The 2.4 grams/cm figure is close to the global average value for inte- 
grated water vapor content. The exact value chosen is not critical 
since variations in integrated water vapor content do not appreciably 
alter the shape of the reference curve but merely shift it up or down 
by about half a degree Kelvin per gram/ cm2. 

The wind speed range of 0 to 7 m/s is commonly observed over the ocean 
surface and should serve as a lower limit to the observed Tg - SST 
pairs. Wind speeds higher than 7 m/sec will not alter the shape of 
the reference curve but will shift it upwards by about half a degree 
Kelvin per m/ s for the 6.6 GHz vertical polarization and by about 
twice this amount for the horizontal polarization. 

Thus, the majority of the plotted Tg - SST pairs should lie near the 
chosen reference curves, except when wind speeds exceed 7 m/sec or 
when fairly dense clouds are present. 
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3.2 


3.2.1 


3.2.2 


T h ' ls tvn! ? ^ difficulty which plagues an evaluation of 

this type is that of acquiring spacecraft and surface truth data sets 
which are n^tchea in location and time. The additional requlreLn^ 
orLlem atmosphere conditions further compounds the 

^Islbl^anfrf Orbiting Environmental Satellite (GOES) 

bir^^i'o 7 r^ infrared images were available for the month of Septem- 

this mih ^ atmospheric conditions during 

this month. As a result, over fifty time spans were Identified 

veniL'^cl °P®“ ^>cean with little or no inter? 

other^the spacecraft data for these times 

aSrand rn ^^""f^^^y^obtained for the GOASEX workshop was not avail- 

| pacecraft Data Set . The GOASEX data set consists of fifteen passes 
through the northeastern Pacific Ocean during September, 1978 ^ One 
pass contains nnmerous data gaps and is completely useUsrfo; e^tua- 
tion Purpos^ Two other passes of the fifteen are also useless 
since the SMMR field of view is completely over land. Of tha remain- 

defcerd}''® ascending (south to north) and ten are 

w^r The two ascending passes parallel the U.S. and Canadian 

west coasts so closely that the SMMR data is corrupted by sidelobe 
effects from the adjacent land In addition, many of the GOASEX oasse<; 
were chosen for -interesting" weather patterns, wLh ^s thf op^ositr 
of the clear weather conditions needed for this study. In light of 
these probl^s, the GOASEX passes are not an ideal data set for a SMMR 
riPC evaluation effort. However, they do have the advantage of being 
reaaily available and so are used in this study. ® 

Se a gurface Temperature Data Spr . Sea surface temperature data is 
available in two major forms: 1) individual spot reports made by 

s lip or buoy and 2) smoothed continuous temperature fields produced 
from these spot reports. This study uses sea surface temperature 
field data rather than spot reports in order to simplifv the process 
of aftching spacecraft data with SST data. SST fields are available 
north Pacific and the north Atlantic, but since the 
available spacecraft data is currently restricted to the GOASEX passes, 
nly one SST field covering the northeastern Pacific for September, 

1978 is needed for this study. 
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3.3 


3.3.1 


3.3.2 


fo'’ aortheastarn Pacific 

s been digitized to a one degree latltude/longltude reaolutlon and 
put into machine-readable form a, part of thla ftudy Fl^r^ri 
shows the original NMFS contour map. The dark outline coSalns that 

or^n^d”^'" 2.2 shois a c:ntour Lp 

values and confirms the success of tL 

b;*abour Wo1 d“- ■'"r too™ 'a 

be about J- to 2 degrees Celsius. The digitisation accuracy is esti- 
erw^“" ^significant when compared with rte original 

°°^°to^ent . Various pieces of software have been developed 
S dev r toctlon presents a brief dLcrl^lon 

The “d the outputs produced by each progra^ 

development process has been characterlzL by the Llnte- 

mad. rn uhlch can be tepeated each time changes are ' 

to existing software. In this mau..-r, the Implementation of each 

ei:*:h::Ld®w?tr^ sf iiZiii “e. 

usrhis h^v “ programmable hand calculator. Maximum 

st-rlt^v! ‘ to‘>a°“tlne libraries In obtaining plotting and 

?:Uo:lirtL“':Zrstr«:;r“ ^ ”ntmr?y“^ 

^ o - wLf is cane -; a’^^“™g 1“ aljatithm are written 

flip iTir. , ? r ^ sensor file. The data on this 

and mist L ^ 5°’^*' compatible with the JPL IBM 360/75 machine 

must be converted into a format compatible with the IPL TOIVAr 11 ns 
computer used for this study. This conversion was accLpUs^r^.ng 

J KirzL W. D. .McFaddin and modified b- 

J. Kitzis. The reformatted data for all grids has been written to 

ape or use in later tasks. This procedure is more efficient than 
reformatting the data each time it is used. ^icient than 

Tb Vs. SST Plats and Statistics. The primary softwarp aT«al-i».-.( e 
Hi7eioped tor th-TF study produces plots of 6 6 GHz vertii^J an^ lilt 
zontal brightness temperatures versus sea surface tl^peJaJurra^r 
associated statistics. The sea surface temoerature values are ul.rlv 
interpolated from the four closest points of the digitized SST field ‘ 
using the latitude and longitude associated with the Tr^Lsuremen^ 

Ir^xL^t^d' each tISe "rp^^grlm 

Tn Hara 1 plots am produced for the 6.6 GHz vertical 

J K horizontal data. Example^ 

of all ;:hese outputs may be found in Table 3 and Figures 3.1 - 3.1 

ewS'’?. Ptots produced, as shown in Flgu«_s 3.1 snd 3.3, 

Thp n ^ plotted as a single Arabic numeral (1, 2~ 3 or 4^ 

The astral indicates which column of the grid 1 array contain^ the ' 

whil^roi measurements .are nearest the spacecraft track 

hile Column measurements are farthest. Each of these plots also 
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contains two curves. The unmarked curve represents the pol 3 rnomial 
(second order maximum) which fits all the data points best in a 
least squares sense. The curve marked with plus signs represents 
the standard atmosphere/low'*wind**speed model curve for the appropriate 
polarization. 

In the second and fourth plots (Figures 3.2 and 3.4), the model curves 
and the least-squares fitted curves are plotted as before. The fitted 
curves are now marked with the character "A". The previously plotted 
individual data points are replaced with a set of four curves, each 
curve representing the best fit in a least squares sense to one column 
of the grid 1 data points. The curve for each column is marked with 
the appropriate Arabic numeral (1, 2, 3, or 4). 

The printed statistical output (Table 3) is divided into two sections. 
Tne upper section contains the three polynomial coefficients and the 
root-mean-square (RMS) statistic for the ten least squares fitted 
curves (all-data fits plus four column fits for both polarizations). 
The RMS statistic is calculated according to: 


RMS » 



£q. 1 


where 



• th _ 

i Tg value 


SST^ « associated SST value 


p(SST^) » fitted polynomial evaluated for the i^^ 
SST value 


N » total number of data points 


The lower section of the printout contains a bias and an RMS statistic 
around a biased model curve for the ten data groups represented by all 
the vertically polarized data (V), all the horizontally polarized data 
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(H) , and the four individual columns of data for each polarization. 
The bias is calculated according to: 


Bias 



Eq. 2 


where 


m(SST^) ■ model polynomial evaluated 
for the ith SST value 


and 


N defined above. 

, ^ 


The corresponding RJfS statistic is calculated according to: 


RMS 



Eq. 3 


where 


Tr^j ■‘^(SST^) , SST^, and N are as defined above, and 

the bias is as defined above for the appropriate 
data group. 


Cross-Track Gradient Vs. Latitude . A secondary software analysis tool 
developed as a supplement to the primary study produces a plot (Fig- 
ure 11.1) of the 6.6 GHz Tg gradient across the SMMR swath versus 
latitude, and associated statistics (Table 11.1). A first-order poly- 
nomial is fitted In a least squares sense to each row of Tg values in 
the 6.6 GHz grid 1 array. The slope of this line for each row is 
plotted against the average latitude for the row. The character "V" 
is plotted for V data, and the character "H" for H data. 
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The printed statistical output Includes the average latitude, the two 
polynomial coefficients, and the RMS statistic for each row of Tg data 
for both polarizations. The RMS is calculated as shown previously in 
Equation 1 except that the polynomial is now a function of cell number 
rather than SST. 

Tg Minus Model Tg Vs. Incidence Angle . Another secondary software 
analysis tool developed as a supplement to the primary study produces 
a plot (Figure 11.2) of the difference between the measured 6.6 GHz Tg 
and the model~-predlcted Tg (^g) versus incidence angle, and associated 
statistics (Table 11.2). The model— predicted Tg is calculated accord- 
ing to the equations given in Figure 1, which assume an integrated water 
vapor content of 2.4 g/cm2 and a wind speed between zero and seven meters/ 
sec. The SST values for the equations are obtained by linearly inter- 
polating the digitized SST field. Each ATg — inci'lerice angle pair is 
plotted as a single character; "V" for V data a ad "P" for H data. 

A second order polynomial is fitted in the least squares sense to ATg 
as a function of incidence angle. Separate fits are made for the 
V data and the H data. The printed statistical output includes the 
three polynomial coefficients and the RMS statistic for both least 
squares fits. The RMS statistic is calculated as shown previously in 
Equation 1 except that the polynomial is now a function of incidence 
angle rather than SST, and ATg^ replaces Tg^. 

Discussion of Results . Most of the tangible results of this study are 
in the form of computer plots and printouts generated by the software 
described in the previous section. A summary of the runs made for 
the study nay be found in Table 2. RUNl and RUN2 were test cases used 
only to check out the software and will not be discussed further. 

Runs 3 through 10 are executions of the Tg vs. SST software package and 
constitute the principal analysis performed for this study. These are 
designated as Type A runs in Table 2. The output of RUN3* consists of 
four plots and one table of statistics, which are respectively shown 
as Figures 3.1, 3.2, 3.3, 3.4, and Table 3. Similarly, Figures and 
Tables 4 through 10 display the outputs of Runs 4 through 10. 

In addition to the primary analysis, three supplementary analyses were 
performed, two of which involved computer programs described in the 
previous section, while the third consisted of a brief survey of 
antenna temperature data, which did not involve any programming efforts. 
Figure 11.1 and Table 11.1 contain the outputs of the cross-track 
gradient versus latitude program for the RUN 11 data blocks. These 
outputs are designated as Type B in Table 2. Similarly, Figure 11.2 

and Table 11.2 contain the outputs of the ATg versus incidence angle 

program for the same RUN 11 blocks. These outputs are designated as 
Type C in Table 2. In a similar manner. Figures and Tables 12 through 
14 display the outputs of Runs 12 through 14. 

All of the runs listed in Table 2 and the results of the antenna tem- 

perature data survey are discussed below. 
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3.4.1 


(a) 


run 10 combines dsts from all of the d.scendlne 
end Flg!?«'wa through°lS?!:°’’”'^’““°“ 1“ 

th! “T® “I® '°“8t>ly perallel to the model curves within 

the SSI range for which data points are available. Ho^^vL thf 
fitted curves show less variation of Tn with sea surfaro 

sers*^^^*"^ “’® curves. Me suspect ttat*' 

th»vo ^ ^ the Tb values to be artlficia.lly high 

there and is obscuring the normal Tn dependence on SST 
speeds Of up to 20 m/sec (~A0 knots) In rte 

®''® apeeds of this 

^^Se 6 roL'fntfb ‘ t '*®'® ^ '^®««®a 

scatter of ^ “P'^'ard 

carter of .tie actual data points agrees with these numbers. 


(b) 


(c) 


(d) 


(e) 


^1 the data sh.ws more scatter in the direction of increasing 
tl r^ ^ downward direction. This effect is attributLle 

^nds IT/ roughness due to high 

tirnhaKi ? ^ exhibits more scatter than does the V data 

probably due to Its greater sensitivity to ocean surface roughness. 

The T data points tend to fall below the model curve while the H 
data points usually He above the model curve ^ 

u“ef°:nd“t^d^ta“''^“'^'’'“ ®*^®®“®“' “i'*' 'he^odel 

eoves^lrrcoJ^Ttfc^luin^l dlt"!""'^ '*'® ”“^®^ ®® ®"® 

1“ item CO are confirmed by the bias 

ne«Jfv e V !“® dhe model curj« are 

J ?®'® ®“‘* F°®d'd''s foe H data. In addition the 

“C s^ f‘cse biases Increase from column 4 to coJIl ^ 

< k k"*k’' ‘•■''''■caclve of the existence of a cross-track 

tirv a ^ ? ''''' ’ ®"'* “ direction of the blafln 

lit Ik I® “paalte that of the bias In the fl data AlII 

al l™ 5"°” ^ “ ''“I™ ‘ ‘a almo“ tilce 

B H.II f ®k ® ®® '' HoMcver, many of the V and 

H data points have been raised In value by the effects of hlch 

winds clouds and rain. Hence, all of tie datl hinell “fled 

and these unknown envlronmental°blasfs 

«nle“f fhf biases In Taflf l5 fo 

w.n I I f Instrument biases. Therefore, It may very 
well be true that the Instrument biases for both V and H ^rj 

fffi, ''!• “ased than H. Furtffl ftffy 1, 

reoulred to calculate the actual Instrument biases. ^ 

The RMS dispersion of all the V data about the biased model 

T^Zt Imc^b ' ”'’'^® '■’a' a' '"a H data 1, affft ? 

These RMS dispersions exceed those about the best fitted V afd 
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3.4.2 


H curves by only about lOZ. Hence, the biased model curves fit 
the data almost as well as the best fitted curves in the least 
^uares sense. This is quite encouraging In view of the many 
known environmental effects, the suspected cross-track biases, 
and other possible instrument effects in the data. The fact 
that the /alues for the H data exceed those for the V data 
by about 1°K is probably due to the greater sensitivity of the 
H data to high winds. 

(f) The RMS values about the best fitted curves for columns 2 and 3 
are smaller by about 0.2°K than those for columns 1 and 4 for 
both V and H data. There are two possible causes which could 
account for this difference: 1) the effects of the ionosphere 

on the polarization rotation, and 2) the effects of variations in 
spacecraft attitude. It unlikely that this difference is attri- 
butable to the ionosphere since nil of the data within this run 
comes from night passes, when the Faraday rotation ionosphere 
effect is minimal. However, all of the GOASEX passes have 
attitude variations from north to south of about 0.2°. This 

rr attitude could result in polarization rotation changes 
w^ch affect the outer cells (1 and 4) more than the inner cells 

U and 3) . Further study would be required to determine if this 
is indeed the case. 


^ 8 - «>«= four runs ure the components 

which »hen combined meke up EUK 10. In general, each run in this set 
exhibits those characteristics enumerated above for RO.'l 10. The follow- 
ing observations are made regarding the individual runs: 


(a) The curve fits for RUN 7 exhibit more pronounced deviation from 
tne model curves than do those of the other runs. This is due 

available only for a very narrow range 
of SST. However, within the range where data is ava.Uable, the data 
points fall along a biased model curve very well. This can be 
seen from the RMS values for each column, which are smaller than 
the corresponding values for RUN 10 in almost every case. 

(b) Runs 3 and 5 exhibit more upward scatter in the data than do 

Runs 7 and 8. This might be attributable . to rain and/or high 
winds. 


3.4.3 


Dl scusslon_of Runs 6 and 9 - Sidelobe Ilffects . RUN 6 consists of the 
two ascending GOASEX passes which closely parallel the North American 
wes. coast. RUN 9 combines all of the RUN 10 data with that of RUN 6. 
The following observations are made regarding these two runs: 


(a) The data from RUN 6 includes sidelobe effects from the North 
American west coast. Column 4 data is affected most strongly 
since it represents the part of the SMMR swath closest to 
shore. In comparison with the RUN 10 data, all of the data for 
RUN 6 appears to be biased in the direction of increasing Tr 
by about 5 K. This phenomenon appears in the statistics for 
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RUN 6 es large positive biases about the model curves for both V 
and H data and as larger RMS values than are obseir/ed In other 
runs. However, It Is not known how much of this effect Is doe 
to sidelobes and how much is due to high winds which were proba- 
bly present for orbit 1212 of this run. 

(b) The spurious points from the RUN 6 data blocks cause the RMS 
values of RUIJ 9 to exceed those of RUN 10, and also shift the 
RUN 9 biases above those of RUN 10. 

Discussion of RUN 4 Vs. RUN 3 - Rain Effects . RUN 4 contains the same 
data as RUN 3 except that three blocks containing suspected rain cells 
are omitted. This results in less data scatter (particularly for H 
data) and in downward shifted biases (again, particularly for H data). 
However, it is not known hov much of this effect is due to rain and 
how much is due to local h/.gh winds associated with the rain cells. 

As previously noted in Section 3.4.2, runs 3 and 5 show more upward 
data scatter than do runs 7 and 8. RUN 4 resembles Runs 7 and 8 in 
terms of data scatter , Implying that Runs 7 and 8 probably contain 
less rain than do Runs 3 and 5. 

Discussion o f Runs 11 through 14 . This section discusses the results 
of two supplementary studies* which we performed in order to Investigate 
possible origins of the cross- track gradient found in the Tg data. 

Each of the two programs developed for these supplementary studies 
was run for four individual GOASEX passes as shown in Table 2. The 
following observations are made regarding runs li through 14: 

(a) As snown in Figures 11.2 through 14.2, there is no obvious 
correspondence between ATg and incidence angle. Since incidence 
angle is determined by spacecraft attitude, this seems to imply 
that no obvious relation exists between ATg and attitude. 

(b) Figures 11.1 through 14.1 verify the principal study result that 
in gene al, the V and H cross— track gradients are in opposite 
directions, i.e., that the vertical Tg gradient from column 1 

to column 4 is usually positive and the H gradient is usually 
negative. In addition, the magnitude of the H gradient is 
usually larger than chat of the V gradient. 

(c) The cross— track gradients do not seem to show any strong 
dependence on latitude. 

(d) The cross— track gradients for V and H data seem to be correlated 
with each other in the sense that when the V gradient increases 
(decreases) in value, the H gradient also increases (cecreases) . 
However, the H gradient appears to show larger variations chan 
does the ’’ gradient. 
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3. A. 6 


corrupted by extensive sidelobe effects near latitudes 
of 38 N (California coast) and 51°N (Queen Charlotte Island). 

(f) The observed variations In the Tb gradients are very difficult 
to explain In some cases. Some of these variations are possibly 
due to strong wind-speed gradients across the SMMR swath. How- 
ever. It is puzzling that for the cases run, most of the gradient 
variations for both V and H appear to be only In the positive 
irection. Further study would be required to determine the 
factors causing these gradient variations. 

Survey . This section discusses the results of 
the third supplementary study, which we performed to determine if the 
Tb gradients have their origlu in the input Ta data. We surveyed T* 

determine the position within 
he scan at which the minimum polarization rotation effect occurs. 

Assu^ng a constant scene temperature, the vertical Ta values should 
reach a maximum and the horizontal Ta values should reach a minimum 
at this scan position of minimum polarization rotation. This is 
expected to occur at the center of the scan where the scan angle is 
equal to zero. For the 6.6 GHz data, the scan center occurs at foot- 
print number 9 out of 16 samples for each scan. The results of our 
brief survey are shown in Table 15. - 

Although these results are by no means conclusive, several points 
should be noted. 


A.O 


(a) The data chosen for the survey represents time periods during 
which the Tg data exhibit strong cross-track gradients as 
^®yAo“sly_discussed in section 3.4.5. In particular, the 
horizontal Tg data exhibit large negative 'gradients, whiTe~the 

exhibit positive gradients of smaller magnitude. 

(b) For all three passes considered the mean scan position of mini- 

f S always greater than 9, 

hlle that for V data is always less than 9. In addition, the 

Tr- position. Although no firm conclusion 

My be d.awn, the directions and relative magnitudes of these 

qualitatively agree with the directions and relative 
magnitudes of the observed Tg cross-track gradients. This sug- 

^ rigorous investigation of the T. data might 
reveal the source of the T_ biases. ^ * 

a 

CONCLUSIONS 

Several conclusions may be drawn from the results discussed in the 
previous section 3.4: 

opposing cross-track gradients in the V 
and H 6.6 GHz brightness temperatures output by the interim APC 
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algorithm. Thase gradients are opposing in the sense that the 
vertical Tg values tend to Increase across the SMMR swath from 
cell number 1 to cell number 4, whereas the horizontal Tg values 
tend to decrease. The magnitude of the change across the swath « 
is greater for H data (about 3°K.) than for V data (about 1.5°K). 

(2) For both V and H data, the Tg values for cell number 4 appear to 
agree best with model-predicted Tg values. In addition, the 

Tg data shows progressively less agreement with the models as one 
moves from cell 4 to cell 1 data. This effect is Illustrated 
best by the bias values given in Table 10 (-0.78 to -2.310R for 

V and 0.55 to 3.45°K for H). However, these biases for V and H 
include unknown positive environmental biases due to the effects 
of high winds, clouds, and rain. These unknown environmental 
biases for V and H should be subtracted from the biases in 
Table 10 to arrive at the true instrument biases. Therefore, it 
may very well be true that the actual Instrument biases for both 

V and H are negative, with V more strongly biased than H. 

(3) If the observed biases are removed from the measured Tg data, the 
resulting values agree quite well with model-predicted values. 

This is best illustrated by the RMS dispersions shown in 

Table 10. The dispersion of all the V data about the biased 
model curve is 1.5°K while that of the H data is 2.60R. These 
exceed the dispersions about the least-squares fitted curves by 
only lOZ. 

(4) In agreement with model predictions, the H data appears to be 
twice as sensitive to wind speed variations as the V data. This 
is evidenced by the larger degree of scatter found in the H data. 

(5) As expected, nearby land does corrupt SMMR data through sidelobe 
contributions. These effects must be removed in order to suc- 
cessfully make use of coastal SMMR dara. 

(6) There does not appear to be any obvious correlation between the 
observed Tg cross-track gradients and incidence angle, which 
implies that the Tg gradients are independent of spacecraft 
attitude. 

(7) There does not appear to be any strong relationship between the 
Tg cross- track gradients and latitude. However, some of the 
observed variations in Tg gradients are not currently 
understood. 

(8) A brief survey of the T^ data suggests that the origin of the 

Tg cross-track gradients may lie within the values. However, 
a much more rigorous investigation would be needed to confirm 
this hypothesis. 
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5.0 


RECOMMENDATIONS 


Jls a result of this study, we feel that the following recommendations 

are appropriate. 

(1) The Implementation of the final AFC algorithm should be com- 
pleted. Upon completion, several runs made for this study should 
be repeated using Tb data from the final AFC. This will allow a 
determination of whether the sldelobe contributions have been 
successfully removed, and whether the cross-track gradients are 
still apparent. 

(2) If the Tb cross-track gradients are still observable In the 
final AFC output. It Is recommended that a detailed analysis of 
the T^ Input data be performed to determine what Is causing the 
gradients. 

(3) In order to further refine estimates of the observed Instrument 
biases. It Is recomiuended cuac this analysis be extended to 
Include data obtained under low wind-speed, extremely clear 
weather conditions. This will require the use of non-GOASEX 
data as It becomes available. Furthermore, additional insight 
into the nature of the Tb cross-track gradients will be gained 
by analyzing good ascending passes as well as descending passes. 

6.0 NEW TECHNOLOGY 

No new technology has been developed in the course of this study. 

7 . 0 REFERENCES 

Acknowledgement should be given to three general sources of information 

used for this study. 

(1) Njoku, E. G. "Antenna Pattern Correction Procedures for the Scan- 
ning Multichannel Microwave Radiometer (SMMR)," JPL Publication. 

(2) NOAA National Marine Fisheries Services (NMFS) (1978). Fishing 
Information, No. 9 . 

(3) "Seasat Gulf of Alask Workshop Report," Volumes 1 and 2, JPL 
Publication 622-101. 


Table 1. SMMR APC Brightness Temperature Grids 


Grid 

Number 

Grid Size 
(cells) 

Cell Dimension 
(km) 

SMMR 

Channels Output 
on Grid 

1 

4x4 

149 X 149 

6.6 

V 

6.6 H 




10.69 

V 

10.69 H 




18 

V 

18 H 




21 

V 

21 H 




37 

V 

37 H 

2 

7x7 

85 X 85 

10.69 

V 

10.69 H 




18 

V 

^ 18 H 




21 

V 

21 H • 




37 

V 

37 H 

3 

11 X 11 

54 X 54 

18 

V 

18 H 




21 

V 

21 H 




37 

V 

37 H 

4 

22 X 22 

27 X 27 

37 

V 

37 H 
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Figure 1. 6.6 GHz Standard Atmosphere — Low Wind Speed 

Reference Curves 


- 321.678 - 1.71645 T + 0.00389942 

B S S 

VERT 

T - 218.208 - 1.21228 T + 0.00258746 T ^ 


where 


T 

s 


sea surface temperature 


Tg » model — predicted 6.6 GHz brightness 
temperature for the appropriate 
polarization 


for the following assumptions; 

1) Standard atmosphere model 

2 

2) Integrated water vapor content of 2.4 g/cm“ 

3) Wind speed between 0 and 7 m/sec. 

4) Cloud-free couditi ns 
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Tijble 2. S> nmary of Runs (Page 1 of 3) 




Klin 

Kim 

SEASAT-A 

8 tart 

Stop 

No , of 


1 .n. 


Orbit No. 

Time 

Time 

Blocks 

Comments 

KIINl 

A 

1298 

268.18,28,11 

268,18,29,41 

1 

Test Case 

KIIN2 

A 

1298 

268.18,26,40 

268,18,29,41 

2 

Test Case 

KIIN3 

A 

1293 

268,10,31 ,42 

268,10,39,11 

5 

Descending Orbits. Orbits 1293 



116A 

259, 9,33,41 

259,10, 1,11 

5 

and 1164 probably Include rain. 



1207 

262,10, 5,41 

262,10,14,42 

6 

Orbits 1293 and 1207 probably 






16 

Include high winds, particular- 
ly at higher latitudes. 

KUNA 

A 

1293 

268,10,31,42 

268,10.34,42 

2 

This run duplicates RUN3 except 



1293 

268,10,36,11 

268,10,39,11 

2 

that 3 blocks which probably 



116A 

259, 9,53,41 

259, 9,55,11 

1 

contain rain were omitted. 



1164 

259, 9,58,11 

259,10, 1,11 

2 




1207 

262,10, 5,41 

262,10,14,42 

6 
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RUN 5 

A 

1292 

268, 8,51,41 

268, 8,59,11 

5 

Descending orbits. Orbit 1292 



1163 

259, 8,13,40 

259, 8,20,1 1 

5 

probably includes rain. All 3 



1206 

262, 8,26,42 

262, 8,34,13 

5 

orbits contain high winds, 
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especially 1292. 

KUNfi 

A 

1298 

268,18,26,40 

268,18,29,41 

2 

Ascending orbits. Sldelobe 



1298 

268,18.32. 7 

268,18,36,37 

3 

effects in both orbits. 



1212 

262,18, 2,11 

262,18,11,11 

6 

Surpected EMI in orbit 1298. 






if 

Orbit 1212 probably Includes 
high winds. 

KIIN7 

A 

1177 

260, 7,46,40 

260, 7,52,40 

4 

Descending orbits. Orbit 1177 



1134 

257, 7,33,42 

257, 7,39,42 

Jl 

probably contains wind speeds 


8 aomewhat; higher than 7 m/aec. 

(~ 10 m/sec . ) 


V 














Table 2. Summery of Riina (Page 2 of 3) 


Kuu 

Run 

S KASAI- A 

Jlart 

Stop 

No. of 


I .1). 

ryj._e 

Orbit No. 

Time 

Time 

Blocks 

Coniments 


lUINH 

A 

1135 

257, 9,11,40 

257, 9,19,10 

5 

Descending orbits. Orbit 1135 



1178 

260, 9,23,40 

260, 9,32,41 

6 

probably contains rain and high 
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winds. Orbit 1178 probably 
contait'.s some high winds. 

KIIN‘J 

A 

1293 

268,10,31,42 

268,10,39,11 

5 

This run combines the data from 



1164 

259, 9,53,41 

259,10, 1,11 

5 

Huns 3, 5, 6, 7, and 8. This 



1207 

262,10, 5,4l 

262,10,14,42 

6 

includes all usable GOASEX 



1292 

268, 8,51,41 

268, 8,59,11 

5 

data. No attempt was made to I 



1163 

259, 8,13,40 

259, 8,20,11 

5 

exclude bad data. 



1206 

262, 8,26,42 

262, 8,34,13 

5 




1298 

268,18,26,40 

268,18,29,41 

2 




1298 

268,18,32, 7 

268,18,36,37 

3 




1212 

262,18, 2,11 

262,18,11,11 

6 




1177 

260, 7,46,40 

260, 7,52,40 

4 




1134 

257, 7,33,42 

257, 7,39,42 

4 




1135 

257, 9,11,40 

257, 9,19,10 

5 




1178 

260, 9,23,40 

260, 9,32,41 

6 
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KIINIO 

A 

1293 

268,10,31 ,42 

268,10,39,11 

5 

This run combines the data from 



1164 

259, 9,53,41 

259,10, 1,11 

5 

Runs 3, 5, 7, and 8. This run 



1207 

262,10, 5,41 

262,10, 14,42 

6 

duplicates ?.’.IN9 except that 



1292 

268, 8,51,41 

268, 8,59,11 

5 

sidelube-corrupled RUN6 v/as 



1163 

259, 8,13,40 

259, 8,20,11 

5 

omitted. 



1206 

262, 8,26,42 

262, 8,34,13 

5 




1177 

260, 7,46,40 

260, 7,52,40 

4 




1134 

257, 7,33,42 

257, 7,39,42 

4 




1135 

257, 9,11,40 

257, 9,19,10 

5 




1178 

260, 9,23,40 

260, 9,32,41 

6 







50 



ft 

i 




Table 2. Summary 

of Runs (Page 3 

of 3) 





Run 

l.D. 

Run 

1ZE£ 

SEASAT-A 
Orbit No. 

Start 

Time 

Stop 

Time 

No. of 
Blocks 


Comments 

RUNll-1 

R 

1135 

257, 9, 11, AO 

257, 9,19,10 

5 

One 

orbit 

from 

RUN8 

RUNIl-2 

C 

1135 

257, 9, 11, AO 

257, 9,19,10 

5 

One 

orbit 

from 

RUNS 

RUN 12-1 

B 

1206 

262, 8,26,A2 

262, 8,3A,13 

5 

One 

orbit 

from 

RUNS 

RUN12-2 

C 

1206 

26?, 8,26,A2 

262, 8,3A,13 

5 

One 

orbit 

from 

RUNS 

RUN13-1 

B 

1207 

262,10, 5,A1 

262,10,1A,A2 

6 

One 

orbit 

from 

RUN3 

RUN13-2 

C 

1207 

262,10, 5,A1 

262,10,1A,A2 

6 

One 

orbit 

from 

RUN3 

RUNI4-1 

B 

1212 

262,18, 2,11 

262,18,11,11 

6 

One 

orbit 

from 

RUN6 

RUN14-2 

C 

1212 

262,18, 2,11 

262,18,11,11 

6 . 

One 

orbit 

from 

RUN6 


Run Type Definitions: 

A - T„ vs. SST Plots and Statistics 

IS 

B - Cross-track Gradient vs. Latitude 

- T Minus Model T vs. Incidence Angle 

D D 


Times are In Di-ys, Hours, Minutes, Seconds from beginning of year 1978 


Table 3 


RUN 3 Seeds deal Summery 


CURVE fits for SMMR 6*6 qhZ VERSUS SsT 


constant linear 

COLUMN TERM TERM 


quadratic 

term 


RMS 


1 

2 

3 


All 


1 

2 
3 


all 


V 

1768*76 

-11*60 

*0207 

V 

l**02*67 

-9,04 

*0163 

V 

763*84 

-9,62 

*0086 

V 

25*93 

.43 

*0000 

V 

1269*96 

-8,11 

*0147 

H 

2107*90 

-14,10 

*0246 

H 

1154.21 

-7,49 

*0132 

H 

63.65 

.08 

«0000 

H 

68.34 

.06 

*0000 

H 

44.39 

* IS 

*0000 


1 • I I 2 
1 t07S 
1*127 
1*351 
I *34 1 


2*08 1 
I .649 
I .849 

2.263 

2.259 


OiSReRSIOn about standard ATMOSRHErc . LOW WIND SPEED CURVE 


COLUMN 


bias 


RMS 


1 V 

2 V 

3 V 

4 V 

all V 


-2.96 
-1*89 
— 1 * 6 I 
-I *2U 
-1*91 


1*203 
I * 249 
1*913 
1*564 
1 *512 


1 H 

2 H 

3 M 

4 H 

all n 


2.78 
2.66 
1*88 
.51 
1 .96 


2.142 
1 .797 
2.277 
2.72-, 

2.4ju 
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Figure 3.2 

RON 3 Curve Flta for 


SMMR 6.6 GHZ V 


ORIGINAL PAGL tb 
OF POOR QUAJJ7Y 

VERSUS SST 






t 


IV 


COLUHN 

1 V 

2 V 

3 V 
*• V 

all V 


1 H 

2 H 

3 H 
M H 

all H 


Table 4. 

RUN 4 Statistical Summary ORiGmAL PAnr^ 

POOR QrjArrj-r 


curve fits 

FOR SNNR 6.4 

GHZ versus SsT 


constant 

LINEAR 

quadratic 


terh 

term 

term 

RhS 

220 <ltl 3 

- 14.58 

#0258 

I #052 

230 lf 2 l 

- 15.19 

.0268 

• 990 

l’ 64#90 

- 12.83 

• 0227 

• 898 

2144.75 

- 14.07 

.0248 

1 .023 

2 ** 23.80 

- 14.02 

• 0282 

I • 1 40 

33 R 7.33 

- 22.60 

• 0392 

1*850 

2924.51 

- 19,63 

• 0339 

1.312 

2334.77 

- 15.47 

• 0266 

1 .367 

3015.57 

- 20. 1 1 

• 0345 

1.718 

2307.96 

- 15.35 

• 0265 

2 . 03 m 


Dispersion about stanoaro athosphEre • low wind speed curve 


coluhn 

1 V 

2 V 

3 V 
H V 

ALL V 


1 H 

2 H 

3 H 
H H 

ALL w 


bias 

RMS 

• 2.89 

1 • 1 7 h 

- 1.90 

1.266 

- 1.69 

1.397 

- 1.36 

1 .475 

- 1.96 

1.450 


2.79 

I .992 

2.55 

1.617 

1.66 

2 1 10 

.15 

2.557 

1.79 

2.319 
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Figure 4.1 
RUN 4 
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Figure 4.2 

RUN 4 Curve Fits for 


PAGE i3 
OF POOR ov - 


SMMR 6.6 GHZ V VERSUS SST 
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Figure 4.4 
RUN 4 Curve Fits for 


SMMR 6 


RialSAL PAGE,® 




v-vrjP 


6 GHZ H VERSUS SST 





Table 5. 


RUN 5 Statistical Summary 


SAL 


Column 

1 V 

2 V 

3 V 
M V 

all V 


1 H 

2 H 

3 H 

4 H 

all H 


Curve fits 

FOP SmmR 6.6 

C,HZ VERSUS SsT 


constant 

linear 

quadrat 1 C 


Term 

term 

term 

RMS 

20t30 

.45 

.0000 

1 . 3 9 <» 

3’79.05 

-26.46 

.0457 

1.225 

5096.1 1 

-34.08 

.0587 

1.207 

2*^39.02 

-15.85 

.0275 


4388 *S6 

-29.24 

.0504 

1.473 


4690.72 

-31,74 

.0547 

2,519 

7*«97.9 1 

-50.66 

.0866 

2.203 

1 1 332.2 1 

-76,80 

.13 11 

2.158 

5247,39 

-35.12 

.0597 

2.509 

5322.10 

-35,80 

• .0612 

2.723 


Dispersion about standard atmosphere . lqw wind speed curve 


COLUMN 


B I AS 


RMS 


1 

V 

-1,94 

1 . 4 3<4 

2 

V 

-1.35 

1 . **4H 

3 

V 

-.98 

1 .558 

4 

V 

-.16 

1.999 

all 

V 

-1.11 

1.745 


1 

H 

4.08 

2.548 

2 

H 

3.4 1 

2.384 

3 

H 

2.28 

2.655 

4 

H 

1.18 

3.052 

All 

H 

2,74 

2.890 
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smk f^VIfiHINtSS IE MR (K1 


Flgurs 5.3 
um 5 



i 



SMMR lilVJGIUNrSS (LMP (K1 


% 


Figortt 3.4 

ROH 3 Curv* Fits for 



SMMR 6.6 GHZ H VERSUS SST 



Tabic 6 


lUH 6 Statlatlcal SuMaxy 


CURVC fits for Snmr 4*6 cHZ VERSUS SgT 


COLuHN 

1 V 

2 V 

3 V 
R V 

all V 


1 H 

2 H 

3 H 
•I H 

ALL H 


constant 

tern 

I22#7*| 

4T29«t7 

|S108*«3 

10702*91 

43S0«S2 


-2039*54 

- 3002*93 

17029*00 

19937*22 

9221*55 


linear 

tern 

quadratic 

tern 

RmS 

*11 

*0000 

1*909 

•97*05 

*0817 

3*459 

-103*51 

*1791 

5*521 

-72*47 

*1252 

2*708 

-92*89 

*0792 

9* 1 la 

20*50 

•*0342 

2*443 

24*90 

•*0942 

1*904 

-I22;i2 

*2102 

. 7*259 

•101*05 

• 1719 

5*494 

-27;?9 

*0979 

S*904 


l>lSPERSfOr4 about standard ATHOSPHCRe . LON WIND SPEED CURVE 


COLUMN 

1 V 

2 V 

3 V 
9 V 

all V 


1 H 

2 M 

3 H 
9 H 

4LL H 


AS 

RMS 

1*91 

2*504 

3*10 

3*702 

9*95 

5*94 1 

9*51 

3*094 

3*37 

9*295 

4*87 

3*976 

7*53 

3*365 

8*33 

7*439 

4*09 

7*026 

7.19 

5*87C 
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s 


Flgur« 6.3 
KI» 6 
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.:MMR tifv’iCiHINr.SS Tt.MP (K) 


Flgur* 6.4 

/ff rtH Mitt. fASB B 
RUH 6 Curv« Flt« for ^ fOOR QUAUW 




TmbU 7 


} 


RUN 7 Staclstical Suomary 


CURVE FITS FOR SNMR 4.* QHZ 




COLUMN 

constant 

term 

LINEAR 

term 

quadratic 

term 

RMS 

1 

V 

201«2i 

-.14 

•oooo 

.410 

2 

V 

S294«07 

•39.95 

.0599 

.555 

3 

V 

19499^04 

-99.58 

• 1709 

.917 

9 

V 

8A05.A9 

-57.98 

.0999 

.435 

all 

V 

7338.93 

-99.18 

.0892 

.798 

1 

H 

5038.29 

-33.42 

.0571 

.525 

2 

H 

7075.79 

•97.75 

.0814 

.540 

3 

H 

I2®Ai,79 

-87,94 

.1997 

.438 

9 

H 

13119.27 

-89,15 

.1525 

.745 

all 

H 

11792.28 

-79.90 

.1349 

1.917 


Dispersion about standard a?nosphEr£ • lop wind speed curve 


COLUNN 


bias 


RMS 


t V 

2 V 

3 V 
H V 

all V 


•1*12 

-#»* 

• uoo 

-•7f 

-•97 


US44 

.741 

.533 

• 737 

• 989 


1 H 

2 H 

3 H 
9 H 

all H 


9*05 

3^20 

1«59 

-•49 

2^05 


1 •DO? 
• A2i* 
.735 
.902 
1.970 
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Table 8 


RUN 8 Statistical Sunsoary 


CURVE fits for Smmr 6.6 qHZ VERSUS S$T 


Column 

constant 

Term 

linear 

TERM 

quadrat I c 
term 

RMS 

1 

V 

787.82 

-4,84 

.009 1 

.748 

2 

V 

1 1 18.49 

-7,07 

• 0 129 

.817 

3 

V 

1623.81 

”10,5^’ 

.0 1 88 

.8 73 

H 

V 

3235.43 

-21 .52 

.0375 

1.062 
i . 08s 

All 

■/ 

2062.30 

-13.52 

• 0239 

1 

H 

4693.87 

-31.68 

• 0545 

1.541 

2 

H 

3571 .40 

-23,98 

• 04 12 

1.518 

3 

H 

2’39.45 

-19,57 

• 0336 

1.692 

M 

H 

5327,82 

-35,83 

.06 12 

1.830 

All 

H 

3*^64 .5 1 

-26.61 

.0456 

2,040 


Dispersion about stanoapd atmqsphEr^ . low wind speed curve 


COLUMN 


bias 


R MS 


1 V 

2 V 

3 V 
H V 

All V 


- 2. 75 
- 1 , 9U 
-I .5M 
-1 .00 
-I .30 


. 8 S 3 
1 . 0*48 
I . I 9 i 
1.639 
1.376 


1 H 

2 H 

3 H 
•4 H 

All h 


3.13 
2.6d 
I .83 
* 6 2 
2.06 


1.909 

1 . 97 s 

2 . 39 ^ 
3 . 22-5 
2 , 6 ;*, 
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Figure 8.1 
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O^R quality 
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Figure 8.2 

RUN 8 Curve Fits for 


is 
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Table 9. 


RUN 9 Statistical Summary 



CUSVE FITS for 3HZ VERSUS SgT 


Column 


1 

2 

3 

H 

*LL 


V 

V 

V 

V 

V 


constant 

Term 

- 1629.73 

-1055.99 

-’65.33 

-’05.89 

-’09.97 


linear 

term 

11.78 

7.89 

7.31 

6.98 

6.90 


quadratic 

term 


•tOl 95 
-.0128 
-•0119 
••01 15 
-•0112 


1 

2 

3 

9 

all 


H 

H 

H 

H 

H 


61.86 
88. ’7 
88.20 
192.67 
38.25 


. 0 ’ 

.00 

.00 

-. 1 ’ 

• 00 


*0000 
• 0000 
• 0000 
• 0000 
•0000 


OISPERSIOn about STANOipO ATROSPREre 


LOW WIND SPEED 


Column 


bias 


1 V 

2 V 

3 V 
9 V 

All V 


-1.69 

-.79 

-.27 

• 1 7 

-.62 


1 H 

2 H 

3 H 

9 H 


9.07 
3.80 
3,0’ 
I .59 
3.13 



RmS 

2.035 

^*539 

3.937 

2*517 

2.763 


2.769 

2.582 

’.315 

3.797 

3.632 


Curve 


RMS 

2.211 
2.67] 
3 . 5 7 6 
2.861 
2.950 


2.90 7 
2 . 86A 

’.5 60 
3 . 9.1 
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Figure 9.2 

RUN 9 Curve Fits for 



OJS: HX)R grv.^ 
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Table 10 


RUN 10 Statistical Sunmary 




Curve fits for smmr 6.^ ghz versus Sst 


constant 

COLUMN Term 


linear quadratic 

TERM term 


RMS 


I 

V 

-897.09 

6.69 

-.0106 

1.374 

2 

V 

21.75 

.MM 

tOOOO 

1 . I M 1 

3 

V 

31.63 

.Ml 

.0000 

1 . 1 MS 

H 

V 

M0»3l 

.38 

.0000 

1 . M44 

All 

V 

27.92 

.M2 

.0000 

1 .M05 


1 

H 

19.79 

.2M 

.0000 

2.156 

2 

H 

M2. 57 

. 1 6 

.0000 

1.833 

3 

H 

962,56 

-6,05 

.OlOM 

1 .9M5 

M 

H 

1 339.91 

-8,56 

.0 1 M6 

2.303 

all 

H 

592*98 

-3,57 

.0063 

2.M10 


Dispersion about stanoapo atmosphLr^ . low ^^ind speed curve 


COLUMN 


bias 


RMS 


1 V 

2 V 

3 V 
H V 

All V 


-2.31 
-I .SB 
-1.31 

-.78 

-1.50 


1 . * 4*4 2 
1.261 
1 .3M6 
1 .6£>3 
1 • SH ^ 


1 H 

2 H 

3 M 
*4 H 

all m 


3. MS 
2.98 
1 .9*4 
.55 
2.23 


2.173 
I .9M2 
2.274, 
2 . 8 I o 
2.577 
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Figure 10.3 
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Table 11.1 


RUN 11-1 

curve Fits foh smmr 6*6 anz tb versus cell nuhBer 



AVE«AgE 

block row latitude 



so.aN 

H8,h? 

•<7,20 

•♦5.98 

H3*SI 

'52,27 
I 1 • 0 3 
39,79 , 
3 8 . 5 M 
37,29 
36,03 

39,7fl 

33,S2 

32,26 

31 ,no 

29,73 

28, 

27,20 


V POL • 

inear 

constant 


rEHH 

TERM 

RMS 

• S 68 

! 99,895 

• 260 

• T 70 

198,900 

• 212 

,669 

1 98,265 

• 199 

t 96 Q 

198,165 

• 268 

, 2 H 2 

198 , 1 7 o 

• 2|2 

, 23 S 

1 98,965 

• 312 

• 000 

199,132 

• 687 

>000 

1 99,690 

• 120 

, 1 9 R 

1 50,926 

• 155 

• onn 

161,920 

• 319 

,000 

1 52,975 

,378 

.869 

150,980 

• 200 

1,063 

160,610 

• 290 

• S 63 

161 ,965 

• 096 

.*^20 

162.360 

• 027 

• 323 

162,825 

• 200 

. 1 99 

163,336 

• 1 36 

*000 

169.232 

• 169 

,2 1 6 

159,065 

• 231 

* 235 

169 , 5«6 

• 179 


H POL* 

linear 

constant 


TERM 

term 

RMS 

*• 162 

92.605 

• 061 

-.566 

92,290 

• 195 

-,9b7 

91,170 

,229 

-.652 

90,985 

,909 

-,829 

69.600 

',920 

-,ao3 

88,835 

,533 

-.887 

86,275 

• 1 39 

1 • 1 38 

88,395 

• 102 

-1 .620 

69,510 

‘ ,132 

- i ,598 

69,980 

• 278 

.1,320 

90,160 

,681 

,000 

87,322 

• 799 

• OqO 

86,500 

.993 

-•669' 

87,290 

• 068 

— .758 

67,985 

, 199 

-1.331 

69,015 

.262 

-1.671 

90,'8S5 

• 159 

-1,778 

92,195 

• 356 

-1.832 

92,930 

• 276 

-1,772 

93,860 

. 368 







Figure 11.1 
RUN 11-1 


>OC:R O^TAJ'rnr 


3MMR 6.6 GHZ T5 CRQS3-TRRCK GRPDlENT VER3U3 LPT HUGE 




tUHvE FITS FOK 




Average 

LINEAR 

block 

ROW 

latitude 

TERM 

1 

1 

R7*77 

1 *201 


,7 

MAtSS 

1 ,200 


3 

*♦5,32 

1 t63H 


H 

‘♦'♦•O’- 

1 #282 

2 

1 

H2.aA 

,8S8 


2 

Hi ,Gl 

• 66H 


3 

HO, 37 

• 6 1 6 


s 

39.12 

• 301 

i 

1 

37,87 

• 582 


2 

36.67 

• S65 


3 

35.37 

• H89 



3H. 1 1 

• 230 

M 

1 

32.85 

• 20H 


2 

31 .r9 

• 22B 


3 

30,32 

.28S 


S 

29,06 

• 1 38 

S 

1 

27.79 

• HH9 


2 

26,i;3 

• 392 


3 

25.26 

• 525 


*4 

23.99 

. 39A 


Table 12.1 


RUN 12-1 


SHHH 6^6 GHZ 
V POL^ 

TB VERSUS 

CELL number 

H POL. 


constant 


linear 

constant 


TERN 

RHS 

terh 

term 

RMS 

1H9.075 

• 533 

• OqO 

89,375 

• 935 

IH9, 180 

• 685 

• 885 

a7,2U5 

,726 

|H7,9H0 

• 621 

U523 

85,7H0 

U306 

1 H8, h05 

• H37 

• 933 

85,595 

• 7H5 

IH9.015 

• H3H 

• ooo 

86,655 

• 336 

1H9.255 

• 353 

• • 3r6 

87,180 

• 385 

1 H9.H80 

• 202 

-,87H 

8B, 155 

• H22 

150^900 

• 31 1 

-•957 

8B,1 10 

• 313 

150, 5H0 

• 290 

-•75H 

67,3h5 

• H2H 

150.566 

• 28H 

— •626 

86,635 

• 200 

150, 6H5 

• 053 

.1 • 12H 

87,925 

• 22H 

151.695 

• 096 

-1 •HSl 

89,635 

• 22H 

152, 5H5 

• 103 

-1 ^525 

90.965 

• 30H 

153.010 

• 073 

-1 ^956 

9 1,610 

,2 ,2 

153.395 

• 278 

• 1 • 525 

92,690 

• ^58 

I5H.370 

• IHO 

• 1 • 39 3 

93,560 

• 189 

153,935 

• H06 

^ 1 • 756 

'75,010 

• 763 

153,910 

• 295 

■ 1 • 6o9 

9H.H75 

• 628 

153,380 

• 253 

• 1 •sha 

93,935 

• IB-6 

153.855 

• 136 

-1 •H71 

9H, 125 

• 290 


' ; 


r» •• 

, I « 



Table 13.1 
RUN 13-1 


tuhvf Fits foh smmr 6*6 ghz 


V POL* 


m ^ ^ AVEK*_E linear CONStaN? 

block row latitGdc terh term 


1 

53*r7 

1.301 

1 95,535 

2 

S2.2B 

1.135 

196,765 

3 

51.08 

• 000 

1 S0,95g 

H 

H9.07 

• 000 

1 99,172 

1 

S8.66 

-.161 

198,710 

2 

rt.ms 

-.127 

198,320 

3 

*i8,22 

.000 

1 98,202 

H 

MH,99 

• 000 

1 98,955 

1 

H3. 76 

• 000 

198,310 

2 

92.52 

-.239 

199,910 

3 

91.28 

-.250 

150,995 

H 

90.09 

-.299 

151,910 

1 

38,79 

-.917 

153,675 

2 

37,59 

• 000 

153,730 

3 

36,29 

.296 

152,935 

H 

35,03 

• 396 

152,900 

1 

33,77 

• 282 

153.995 

2 

32,51 

.351 

153,265 

3 

31,25 

.181 

153,975 

H 

29,99 

.389 

153,720 

1 

28.7 2 

• 656 

153,615 

2 

2T,h5 

.389 

159, 1 30 

3 

26. |9 

• 936 

159,395 

H 

29,9? 

.509 

• 159,265 


TB Versus cell nuhoer 



» » «i « ^ • 


M POL. 

1 • 

' i 

_ • \ 

RMS 

linear 

term 

constant 

tern 

RMS 

• 083 

• ooo 

88,225 

• 992 

*253 

-.062 

89,750 

• 083 

• 753 

-.802 

91.775 

• 100 

• 575 

- 1 .301 

91.970 

• 183 

• 093 

•• 1 • 789 

91,675 

• 125 

• 025 

- 1 . 8|5 

90,855 

• 221 

• 237 

- 1.699 

90,090 

• 987 

• 350 

- 1.991 

89,025 

• 266 

• 067 

-1 .530 

88,625 

• 289 

• 068 

• 1 • 5 q 6 

87,785 

• 976 

• 069 

- 1.811 

89,000 

• 328 

• 100 

- 1.938 

90,590 

• 319 

• 181 

- 2.190 

92.980 

• 229 

• 935 

- 1.187 

92,085 

• 635 

• 911 

-.926 

89,155 

• 359 

• 2 S 7 

-.805 

89,910 

• 312 

• 322 

- 1 .268 

90,390 

• 329 

• 199 

- 1 .339 

90,785 

• 202 

• 093 

- 1.188 

9 1,000 

• 197 

• 127 

- 1.229 

91.570 

• 312 

• 288 

- 1,398 

9^.390 

• 29 / 

• 123 

“ 1,960 

92,800 

• 325 

• 275 

- 1.952 

93,150 

• 163 

.323 

- 1 ,655 

93,595 

.575 






Figure 13.1 
RON 13-1 
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Table U.l 
RUN 14-1 

curvf Fits fok smmn gmz 


block how 


AV£HAgC 

latitude 


I 


2 


o 

3 




s 


6 


1 25.16 

2 26.<i2 

3 27,69 

*« 26.96 

1 30,22 

2 31,99 

3 32,75 


9 

1 

2 
3 
9 

1 

2 
3 
9 

1 

2 
3 
9 

1 

2 
3 
9 


39.01 

35.26 
36,52 
37,77 

39.02 

90.27 
91.51 
92,75 
93.99 
95.22 
96,95 
97,67 
98,89 
50.10 
51*30 
52.50 
53,69 


V POL, 

linear 

constant 

term 

term 

• 9|fl 

153,830 

.772 

153,890 

*556 

159.260 

*506 

159,525 

*000 

156,197 

*000 

155,972 

*000 

155,990 

*933 

159.950 

1*391 

152,625 

2*113 

150,520 

3*305 

1 98,990 

3*262 

197,650 

2* 107 

1 98,990 

1 *202 

151*095 

*000 

159.382 

*000 

159,907 

*000 

1 55,620 

• 000 

156.052 

1 * 365 

152.920 

2*219 

1 99,055 

1.183 

151,115 

2*077 

199,385 

2*983 

199, 135 

1*16 1 

151,615 


TB Versus celi number 



RNS 

linear 

term 

• 285 

-•657 

• 165 

-*8o9 

• 361 

-•70S 

• 198 

-*685 

1 ^095 

*OoO 

• 751 

*0q0 

*588 

-1 *2oO 

*998 

-*6|2 

*999 

1 * 187 

*9o9 

2*887 

1 *596 

6*190 

* 989 

6*323 

• 180 
1 *022 

2*235 

*ooo 

1 *903 

*000 

*980 

-1 *796 

• 656 

•2 * 258 

1 *062 

-2,6o9 

1*863 

*OoO 

• 293 

1*926 

*325 

* 7 8 6 

*997 

2*775 

• 89 1 

3*281 

*659 

1 *0| 9 


H POL. 

constant 


tern 

RhS 

90,015 

• 762 

90,625 

• 791 

90,675 

• 790 

91.110 

• 988 

90.112 

1*935 

90,727 

1*812 

93,630 

• 910 

92*720 

*897 

69,780 

*297 

86,330 

1*591 

61.055 

9.050 

79,890 

3,792 

85,515 

* 127 

89,967 

2.572 

90,862 

3.529 

96,155 

2,1 90 

99,520 

1 *977 

103,165 

1*828 

95,392 

3*220 

89,550 

*957 

91,095 

*961 

87,805 

1*891 

66,190 

2*725 

91*995 

*861 


t 


s 
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Table 13.2 RUN 13-2 

cuRVg Fits for smhr 6*6 ghz versus incidence angle 


constant linear quadratic 

term term 


RMS 


V Pol, 82A6H.<(S -3375, 7H 

" -H837,3? 


3**,H62M 

H»,5‘H2 


I ,37o 
2«A12 


Table 14.2 RUN 14-2 j 

cuRVg fits For smmr 4,4 gmz versus incidence angle 

i 

! 


V POL, 

^ f*OL. 

i 

ri 1 


LINEAR 

term 


•’H7,7M 
•57, 1 I 


quadratic 

TERM 


’.5835 
^ .0000 




•poo^ 


SMMR 6.6 
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Figure 14.2 
RUN 14-2 
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Table 15. 

Kcsults of 

6.6 GHz T. 

A 

Data Survey 







Min. 

H Position 

Max. 

V Position 

SKASAT-A 
Orbit No. 

Start 

Time 

No , of 
Scans 

Latitude 

Span 

Mean 

Std. Dev. 

Mean 

Std. Dev. 

1 n‘» 

257. 9,12,28 

19 

45° - 50°N 

9.55 

0.83 

8.92 

0.71 

120b 

262, 8,31,45 

36 

24° - 33°N 

9.46 

0.84 

8.88 

0.50 

1207 

262,10,12,27 

32 

25° - 33°N 

9.31 

0.66 

8.94 

0.52 


Times are in DayS| llniirs» MlnuteSt Seconds from beginning of year 1978, 


Scans refer to SMMR seconds scans. 
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